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Data converter apparatus for 
converting In real time data stored 
in an input compact fomiat into 
an output expanded real time for- 

rality of groups and repetition of 
the groups. The groups includ- 
ing, each, many basic geometric 
figur es (BGF). The data converter 
includes a processor adapted to 
selecting data relating to a pre- 
determined division, dividing and 
processing the data into consec- 
utive bins according to scan or- 
der, which bins have structural 
correspondence to the input for- 
mat. The data converter is fur- 
ther capable of sub dividing the 
division into sub-divisions which 
have structural correspondence to 
the output format. The data pro- 
cessor is further capable of pro- 
cessing and allocating the BGFs in 
the bins to sub-divisions to thereby 
produce a division data stream in 
the output expended real time for- 
mat. 
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DATA CONVERTER APPARATUS AND METHOD 

PARTICULARLY USEFUL FOR A 
DATABASE-TO-OBJECT INSPECTION SYSTEM 



FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to a data converter apparatus and 
method and also to a database-to-object inspection system including such 
a data converter. The invention is particularly useful for, but is not limited 
5 to, optically inspecting masks utilized in constructing integrated circuit 
reticles and wafers and/or the integrated circuit reticles and wafers 
constructed with such masks. The invention is therefore described below 
particularly with respect to this application- 
Database-to-object inspection systems as used for inspecting 
10 masks, or the chips or wafers constructed with such masks, include an 
optical inspection system for inspecting the object and for putputting a series 

r\f nivi^lc ^/^rr*»cr\rtTi/-linnr tn tl-iP> \r\cryf»r'it^r\ ciir-far*** onrl n rlatohoc£» ^m-»*iin in rr 

design data corresponding to a reference, or defectless, object. The object 
data output from the optical inspection system is compared with the design 

5 data in the database, and mismatches or discrepancies are outputted in the 
form of a list of defects. 

Mask inspection involves, normally, successively scanning e.g. 
vertical slices of the inspected mask surface, where each slice typically 
extends over a narrow strip (say 1024 to 2048 pixels). The scanning of a 

0 slice results in a stream of pixels that is compared to a similar stream of 
pixels that originates from a corresponding slice of a reference defectless 
object. As explained before, any discrepancies are recorded in a list of 
defects. 
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By following this approach, the design data from the database 
must be fed to the comparator at approximately the same rate as the object 
data from the inspection system; otherwise, the inspection system will have 
to slow down, causing a reduction in inspection rate and a lowering of the 
5 machine throughput. 

The design data is normally stored in a number of design formats, 
such as GDS II, JEOL, Hitachi, MEBES. However, these data after having 
been combined into a single file and converted to output format, are very 
large, approaching disc volume, and their density (features per area) is very 

10 high. Handling data files of such sizes and densities involves serious 
problems in disc space, computer memory, communication transfer rate, 
computation time, etc., needed to convert from the design format to the 
machine's internal format. These problems are made even more severe by 
the continuous increase and complexity of the data in the new technologies. 

15 For these reasons, the design data is converted off-line, and 

before the inspection starts, into a compact format comprised of a plurality 
of repeating, predefined units, including basic geometric figures (hereinafter 
called BGFs), cells and/or arrays thereof, and their locations in the pattern. 
A common BGF is a trapezoid, but other BGFs may be used, such as 

20 polygons, lines, etc. Thus, the compact format, sometimes called a 
Hierarchical format or HIF, needs to define each different BGF only once, 
and to specify each location of each so-defined BGF, thereby enabling the 
pattern to be described with considerably less data. 

Accordingly, in order to exploit the data that originate from the 

25 defectless design data as a basis for comparison, a preliminary format 
conversion step should be effected. More specifically, the trapezoid data in 
a slice in the reference defectless design data (represented in HIF format) 
must be converted into a corresponding stream of pixels that is organized in 
the same fashion as the stream of pixels in a scanned slice of the inspected 

30 mask, to thereby facilitate the specified comparison. 

Generally speaking, this preliminary conversion step involves 
dealing with a very large volume of data (including a huge amount of BGF 
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data) that should be converted. This necessitates a relatively prolonged 
computation time in order to convert the BGF representation from the input 
format (HIF) into the stream of pixels as explained above. The time required 
for these computations may adversely affect the performance of the 
5 converter to such an extent which it may no longer be able to meet real- 
time requirements that are dictated by the scanning rate of the inspected 
object. 

In light of the above identified problems, there is a need in the 
art for a data converter apparatus and method for converting design data 
10 stored in a compact format into expanded real-time data so that the design 
data is present to the comparator in the inspection system essentially at the 
same rate as the inspection data. 

SUMMARY OF THE INVENTION 

15 According to one aspect of the present invention, there is 

provided a data converter apparatus for converting in essentially real time 
data stored in an input compact format into an output expanded real time 
format, the data including a plurality of groups and instances thereof, each 
group including a plurality of basic geometric figures (BGF); the data 

20 converter comprising: 

first processor adapted to receiving the data stored in the compact 
format, selecting data relating to a pre-defined division, which division 
includes a plurality of groups, dividing each group into at least one bin, 
determining the number of instances of each different bin in a respective 

25 division, converting the format of the data of the plurality of BGFs in each 
different bin into an output related format, outputting a list of different bins 
and the location of the bins in the respective division; 

a partial expander adapted to receiving, expanding and sorting said list 
of bins in each respective division, according to scan order; and 

30 a fmal expander adapted to sub-dividing, according to scan order, each 

division into a plurality of sub-divisions, processing and allocating each 
BGF in a respective bin into a sub-division according to the location of the 
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respective BGF in the bin and the location thereof in the sub division, 
generating a sub-division data stream representative of the plurality of BGFs 
in a respective sub division, and combining said sub-division data streams 
into one data stream in said output expanded real time format, which data 
5 stream is representative of the plurality of BGFs in the respective division. 

The invention further provides for data converter apparatus for 
converting in essentially real time data stored in an input compact format 
into an output expanded real time format, the data including a plurality of 
groups and repetitions thereof, each group including a plurality of basic 
10 geometric figures (BGF); the data converter comprising: 

a processor adapted to selecting data relating to a predetermined 
division, dividing and processing said data into consecutive bins according 
to scan order, which bins have structural correspondence to the input format; 
sub dividing the respective division into sub-divisions having structural 
15 correspondence to the output format; 

processing and allocating the BGFs in the bins to subdivisions to 
thereby producing a division data stream in said output expended real time 
format. 

Still further, the invention provides for a database-to-object 
20 inspection system, including: 

an optical inspection system optically inspecting a surface of an object 
and outputting a series of pixels corresponding to the surface thereof; 

a database containing design data of the object, which design data is 
stored in an input compact format; 
25 data converter apparatus of the kind specified, adapted to convert in 

essentially real time the data stored in the input compact format into an 
output expanded real time format; 

a comparator comparing in real time the series of pixels outputted by 
the optical inspection system with a series of pixels in said real time 
30 expanded format outputted by said converter apparatus. 

The invention further provides for a method for convertino in 
essentially real time data stored in an input compact format into an output 
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expanded real time format, the data including a plurality of groups and 
instances thereof, each group including a plurality of basic geometric figures 
(BGF); the method comprising the following steps: 

(a) receiving the data stored in the compact format, 
5 (b) selecting data relating to a pre-defined division, which division 

includes a plurality of groups, 

(c) dividing each group into at least one bin, 

(d) determining the number of instances of each different bin in a 
respective division, 

10 (c) converting the format of the data of the plurality of BGFs in each 

different bin into an output related format, 

(f) outputting a list of different bins and the location of the bins in 
the respective division; 

(g) partially expanding said list of bins in each respective division, 
15 according to scan order; 

(h) sub-dividing, according to scan order, each division into a 
plurality of sub-divisions, 

(i) processing and allocating each BGF in a respective bin into a 
sub-division according to the location of the respective BGF in 

20 the bin and the location thereof in the sub division. 

(j) generating a sub-division data stream representative of the 

plurality of BGFs in a respective sub division; and 
(k) combining said sub-division data streams into one data stream in 
said output expanded real time format, which data stream is 
25 representative of the plurality of BGFs in the respective division. 

The invention still provides for a method for converting in 
essentially real time data stored in an input compact format into an output 
expanded real time format, the data including a plurality of groups and 
repetitions thereof, each group including a plurality of basic geometric 
30 figures (BGF); the method comprising the following steps: 
(a) selecting data relating to a predetermined division. 
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(b) dividing and processing said data into consecutive bins according 
to scan order, which bins have structural correspondence to the 
input format; 

(c) sub dividing the respective division into sub-divisions having 
5 structural correspondence to the output format; 

(d) processing and allocating the BGFs in the bins to subdivisions to 
thereby producing a division data stream in said output expended 
real time format. 

Still further, the invention provides for a method for optically 
10 inspecting a surface of an object, comprising: 

storing in a database design data of the object in a compact format; 
converting the database design data stored in said compact format into 
a stream of pixels in an expanded real time format, according to the 
specified method; 

13 optically inspecting said surface and producing a stream of pixels 

corresponding to the inspected surface; and 

comparing in real time the stream of pixels corresponding to the 
inspected surface with the stream of pixels in said real time expanded 
format. 

indicated above, the invention is particularly useful in a 
database-to-object inspection system. In such systems, the predefined 
divisions represent e.g. slices of the object (e.g., a mask represeming a frame 
or layer of an IC chip or wafer, or the chip or wafer itself) having a 
plurality of patterns, and the subdivisions are e.g. equally divided windows 
25 of the respective object. 

As will be described more particularly below, a data converter 
apparatus constructed in accordance with the foregoing features particularly 
when used in a database-to-object inspection system, provide a number of 
important advantages, including the following: (1) it maintains the original 
30 database hierarchy, and thereby keeps the data files very compact, of similar 
size (or smaller) than the original database of compact format; (2) it enables 
the compaction to be retained far within the data path, thereby rcducins the 
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limitations of memory and communication transfer rate; (3) it enables the 
use of hardware and software which are scaleable, permitting duplicate 
components to be added where necessary to handle more complex and/or 
dense data without substantially slowing down the overall inspection 
5 operation; and (4) it permits dynamic slowdown to be performed when a 
limitation (memory, transfer rate, etc.) is reached during the inspection 
process, by changing the width of the slice, while retaining the maximum 
scanning rate. 

Further features and advantages of the invention will be apparent 
10 from the description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
reference to the accompanying drawings, wherein: 
15 Fig. I illustrates an example of an optical inspection system in 

accordance with the present invention; 

Fig. 2 illustrates various possible levels of the hierarchial compact 
format of the design data in the inspection system of Fig. 1; 

Fig. 3 illustrates an example of a detailed structure of a typical pattern 
20 in the hierarchial compact format of Fig. 2; 

Fig. 4 illustrates an example of a frame containing a plurality of 
patterns and a slice which covers a portion of each one of a vertically 
extending patterns; 

Fig. 5A illustrates a pattern A, of the kind depicted in Fig. 4, parti- 
25 tioned into three consecutive bins; 

Fig. 5B illustrates the slice of Fig. 4 and the respective locations of the 
bins and windows in the slice; 

Fig. 5C illustrates an inject list of the bins that are depicted in Fig. 5A; 
Fig. 6A-6E illustrate a plurality of trapezoid sequences that are 
30 subjected to clipping in the X and Y coordinate; 
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Fig. 7 is an overall block diagram of one form of data converter 
apparatus in accordance with the present invention; 

Fig. 8 is a block diagram illustrating an ITPP (Inspection Time Pre- 
processor) in the data converter apparatus of Fig. 7; 
5 Fig. 9 illustrates an example of a flow chart of a typical sequence of 

operation in an optical inspection system of Fig. 1; 

Fig. 10 is a block diagram illustrating one form of spanner for 
performing the final expansion in the data converter apparatus of Fig. 7; 

Fig. 11 is a block diagram illustrating one form of Pre-line system in 
10 the spanner of Fig. 10; 

Fig. 12 is a block diagram illustrating one form of Line Machine in the 
spanner of Fig. 10; 

Fig. 13 is a block diagram illustrating one form of Fill Machine in the 
spanner of Fig. 10; 

'^'g- 1^ is a block diagram illustrating one form of Fill-Logic circuit 
in the spanner of Fig. 10; 

Fig. 15 illustrates a preferred implementation of data converter 
apparatus in accordance with the present invention; and 

Fig. 16 illustrates an example of a time sequence for performing the 
20 various operations in the data converter apparatus of Fig. 15. 

DESCRIPTION OF A PREFERRED EMBODIMENT 
The Optical Inspection System 

Fig. 1 illustrates an optical inspection system in which a mask 2 
25 (or other object such as a reticle or wafer produced by an image of the 
reticle) is inspected by an optical system, schematically indicated at 3, which 
outputs image pixels corresponding to the inspected mask. These pixels are 
compared, in a comparator system 4, with pixels derived from a design 
database 5 representing a defectlcss or reference mask. Mismatches or 
30 discrepancies between the inspection-derived object pixels and the database- 
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derived design pixels are outpiitted by the comparator system 4 in the form 
of a defect list 6. 

The reference data in the database 5 may be stored in one of the 
standard formats, such as GDSII, JEOL, Hitachi, MEBES, and the like. Such 
5 data normally includes a BGF representation of the various patterns that 
constitute a frame as well as graphic transformations that should be applied 
to the BGFs. The compact data is converted in an off-line prc-processor 7, 
before the inspection starts, to a counterpart HIF (Hierarchical) compact data 
format file 8. 

10 Transformations which cannot be done in real time, or processing 

steps which need to process all of the data as a unit in order to achieve a 
result (for example, reverse and sizing), are done in preprocessor 7. These 
operations are executed at the pattern level, so pattern arraying is still 
maintained, and, in general, compaction lost by an operation such as reverse 

15 can be recovered, and in some cases even improved. The resulting file 
called HIF 8 contains multiple instances of multiple patterns. Each pattern 
maintains its original address unit and hierarchical figure and cell tree. 
Some operations (such as reverse) change the address unit and hierarchical 
tree, but, in general, data compaction is maintained so that the HIF is not 

20 much larger than the original pattern files 5. 

The system illustrated in Fig. 1 includes a data converter, 
generally designated 10, that is constructed in accordance with the present 
invention for converting the data in the compact format of HIF file 8 into 
a real-time expanded format that corresponds to the series of pixels which 

25 is compared to the series of pixels representative of the inspected object. The 
expanded format presents the data to the comparator system 4 approximately 
at the same rate, as the object data from the optical inspection system 3, in 
order to enable the two streams of data to be compared in real time. 

As will also be described more fully below, the design data in the 

30 compact format derived from the database 5 is divided into predefined 
divisions, in this case slices of the reference mask. During the inspection 



10 



PCT/IL97/00226 

- 10 - 

process, the data converter 10 converts the data from the compact format of 
one slice (say, sliccj to the expanded format at the same time it reads the 
data for the next slice (slicei.J from the HIF file, such that the output of the 
data converter is a stream of pixels at the same rate as that of the inspected 
object (mask) pixels. 

The Design Data 

Fig. 2 schematically illustrates the various levels of the design 
data in the database 5. In the description below, the design data is of a 
reference (defectless) mask (or reticle, wafer, etc.) to be used for optically 
inspecting a similar object (e.g.. mask) for defects. Such design data would 
therefore include a plurality of frames Fi-F„, each representing a mask for 
a layer of the wafer, each layer including a plurality of patterns Pi-„, etc. 

Fig. 4 illustrates one frame (layer) including 15 patterns A, and 
15 2 patterns B; whereas Fig. 3 illustrates an example of one such pattern, e.g., 
pattern A. Each pattern includes a plurality of BGFs (Basic Geometrical 
Figures), schematically indicated as BGF,-BGF„ in Fig. 2. Since the BGFs 
appear repeatedly in the pattern, the main object of the compact format for 
the data is to describe only once each different BGF, and to idcntifv with a 
20 minimum of data all locations of each BGF. 

In the example described below, the BGF is of trapezoidal shape 
(i.e., a quadrilateral having two parallel sides), but it is contemplated that 
other shapes could be used, e.g., other polygons, lines, etc. 

For this purpose, the compact data is also divided into a plurality 
of cells Ci-C„, each including a plurality of BGFs; a plurality of arrays of 
BGFs, BGFAi-BGFA„; and a plurality of arrays of cells CA,-CA„. Such 
cells, arrays of BGFs, and arrays of cells, also appear many times in the 
pattern, and therefore the compact data may describe only once each such 
cell or array, and the various locations thereof in the pattern. 
•^^ f^'g- 3 illustrates an example of one such pattern as appearing in 

a 64 Mbit DRAM Cell Array. In this example, each BGF is of trapezoidal 
configuration, i.e., including two parallel sides. The trapezoids labelled 



25 
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BGFi-BGFft in Fig. 3 illustrate six different BGFs in the pattern. Fig. 3 
also illustrates by box a cell including a plurality of BGFs, and by box 
Ai an array of a plurality of cells. It will be seen that the pattern illustrated 
in Fig. 3 includes a plurality of BGFs, a plurality of cells, and a plurality of 
5 arrays of cells. 

Fig. 4 illustrates one frame (e.g., a layer) of a mask (or reticle or 
wafer) which includes a plurality of repeating patterns A, B. In the example 
illustrated in Fig. 4, there are 15 patterns A arranged in three vertical 
columns, and two patterns B arranged at the bottom of the frame; one is 

10 aligned with the first vertical column of patterns A, and the other interposed 
between the other two vertical columns of patterns A. 

Fig. 4 also illustrates a slice Sj of the frame, which covers a 
portion of each of the five patterns A in the first vertical column and the 
portion of the underlying pattern B. Such a slice may have a width of. e.g., 

15 512, 1024 or 2048 pixels, according to the particular application. A wider 
slice contains, normally, more BGFs and naturally requires more computing 
time. It is therefore possible to adjust slice width so as to meet real-time 
requirements- 
Slice Si therefore is all data in the HIF file 8 that is encompassed 

20 by the slice width. It should be noted that the data that constitutes a slice 
maintains the hierarchy and arrays of the original design data stored in HIF 
file 8. 

As explained before, a frame or a mask consists of groups of 
BGFs that appear repeatedly on the mask. A group may be a pattern, an 
25 array of cells, a cell, array of BGFs etc, all as required and appropriate 
depending upon the particular application. 

In the embodiment of Fig. 4, a group corresponds to a pattern 
which has 15 instances (pattern A) and two instances (pattern B). As shown 
in Fig. 5 A each pattern is divided into three bins, 
30 Those versed in the art will readily appreciate that the division of 

groups into constituent bins retains, effectively, the structure of the original 



8NS0OCID: <WO 9801927A1 J_> 



1 



10 



wo 98/01827 

PCT/IL97/00226 

- 12 - 

design data (referred to herein as "striictural correspondence to the input"). 
Thus, from the location of a given BGF in a bin. and the location of the bin 
within a pattern, and the location of the latter within a frame, the location 
of the BGF in the frame can be derived. 

Obviously, any repeating instance of a group will also have 
repeating instances of its bins constituents. Thus, if pattern A is divides into 
ai a, and aj, then all 15 instances thereof in the frame (see Fig. 4), will each 
be divided into the same bin partition a, a, and a,. 

In the following discussion, "above" and "below" signify greater 
than or less than in terms of scanning direction. Thus, a first point is 
"above" a second point if it is scanned afterwards. Also, in the discussion 
below, a starting position of a bin is either the top or base side dimension 
thereof, depending upon the scanning direction. 

As explained before, each bin contains BGFs of a given part of 
a group. Each BGF in the group belongs to one and only one bin. Bv wav 
of example, a BGF belongs to a bin if a leading edge thereof (i.e. the edge 
that will be scanned first) is "above" the starting position of the bin. 

The bin height is the maximum offset between the bin base and 
the leading edge of the BGF that belongs to this bin. As will be explained 
20 in greater detail below, in the specific example described herein, the bin 
height is limited to be less than one window height. 

Fig. 5B illustrates the slice (hereinafter Sj) depicted in Fig. 4, with 
the corresponding patterns drawn in hashed lines, with each pattern divided 
into its respective bins. Thus, the portion of pattern A in slice s^ is divided 
25 into three bins a, a., and a, whereas the portion of pattern B within slice SI 
is divided into three bins b, b. and b,. 

Bins aj are identical in all patterns, and the same applies to a., 
and iy Each bin can thus be identified by its location in the slice, e.g. 
according to the bin offset relative to the pattern and the offset of the latter 
30 relative to the slice base. 



15 



BNSDOCID: <WO_9801827A1 J_> 



wo 98/01827 



PCT/IL97/00226 



- 13 - 



In the example of Fig. 5B, the identification of a given bin in the 
slice applies only to the Y coordinate (ordinate), since, as shown, all bins 
have the same X coordinate value (abscissa). 

Also shown in Fig. 5B is the division of the same slice (s^) into 
5 consecutive windows of identical height (of which only the first four Wj, w^, 
W3, W4 are explicitly designated). 

As recalled, the actual comparison between the real-time scanned 
data as obtained from module 3 and the defectless design data is effected at 
the "compare" module 4, by comparing a stream of pixels in respective 
10 scanned slice (as obtained from module 3) and a corresponding stream of 
pixels of a slice (in a real-time expanded format) that was produced by 
converting (in module 10) the reference defectless design data that is held 
in HIF format. 

Accordingly, the trapezoid data in a slice in the reference 

15 defectless design data (which is held in "bin" representation) must be 
converted into a corresponding stream of pixels in the output format ready 
for comparison. In order to obtain the output expanded format the slice is 
divided into "window" representation and the BGF data in the bins are 
processed and allocated to the respective windows. The BGFs in the window 

20 are then transformed to sequence of lines of pixels and after undergoing so 
called rasterization the resulting data (which is now in the real time 
expanded format) is ready for comparison against the stream of pixels that 
originate from the inspected mask. 

The window representation constitutes structural correspondence 

25 to the output, whereas the bin representation constitutes structural corre- 
spondence to the input. It should be noted that structural correspondence to 
output does not necessarily entail the window representation. 

Since "bins" and "windows" are dependent upon different 
constraints (i.e the former is correlated to the input HIF representation of the 

30 mask whereas the latter is correlated to a sequence of pixels that conforms 
to the format of the scanned mask), they normally do not coincide, as is 
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clearly shown in F.g. SB. Put differently, the bin bottom and top sides do 
not normally coincide with the bottom and top sides of a window. 

In the example under consideration, the bin height is selected to 
be less than a window height, and accordingly, a bin may either be wholly 
contained in a window (e.g. a, and a, within w^ and w„ respectively) or 
overlapping a pair of adjacent windows (e.g. a, overlapping portions of w, 
and w,). The BGFs of a given bin may, likewise, be included in one or two 
adjacent windows. 

The foregoing arrangement wherein slices are divided into bins 
which retain structural correspondence to the design input, and the same 
slice is divided to windows which retain structural correspondence to the 
output enable embodiments of the present invention to meet the "real-time" 
nature of the comparison as explained above. Thus, the data (BGF data) 
contained in a given bin is processed and allocated to one or at most two 
15 adjacent windows. 

The processing and allocation procedure is relatively low-cost (in 
terms of processing time and memory resources) since, as recalled, the 
determination of window location within a slice is readily available and. 
likewise, the location of the BGFs within the bins is known (when the 
pattern is divided into bins) and the location of the bin within the slice is 
readily available (i.e. according to the offset of the bin within the pattern 
and the offset of the pattern within the slice). 

Another characteristic which facilitates the real-time comparison 
is that the preliminary allocation of BGFs into the bins can be effected 
before transforming them into bins and that such allocation is required only 
once for all instances of the same bin, since, obviously, the occurrence of 
BGFs within a given bin is duplicated in any instance thereof. Put different- 
ly, all a, bins have the same BGFs at exactly the same locations relative to 
the bin base. Conversely, had it been required to process an BGF data that 
is contained in a given slice and map it to a given window (18 bins in slice 
s, of Fig. SB), and not to limit the processing only to those that belong to 
different bins (6 bins in s^ of Fig. SB), the resulting hardware and softvvare 
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resources (i.e. processing time and memory) that would have to be allocated 
to this end, could render the operation of converter 10 practically unfeasible. 

Overall Construction of the Data Converter 10 

5 Fig- 7 is a block diagram illustrating the overall construction of 

the data converter 10 shown in Fig. 1. As indicated earlier, data convert- 
er 10 processes a slice of the data which originally had been in the HIF 
design format 5 and changed to the HIF format by pre-processor 7. 

In this connection, it should be noted that the design data 5 is 

10 normally produced by commercially available design tools such as CATS. 
Such data includes HIF representation of the masks as well as pertinent 
mathematical transformations such as mirroring, reverse, scale, sizing and 
others. Pre-proccssor 7 preferably applies the set of graphical transforma- 
tions to the raw data and performs logical "or" operations on the various 

15 representations of a mask portion, so as to bring about a comprehensive HIF 
representation of a given reference defectless mask, which will be compared 
to data that corresponds to actual inspected mask. It should be noted that 
whilst, preferably, the pre-processor 7 executes the specified transforma- 
tions, this is not obligatory and accordingly, by an alternative embodiment, 

20 various transformations that may be realized virtually in real-time are 
performed by the data converter. Each slice of data is converted into a series 
of pixels (in real-time expanded format) that will be compared against 
corresponding series of pixels of the inspected object as produced by 
inspection system 3 (Fig. 1). By a preferred embodiment, as the data 

25 converter 10 outputs the data of one slice in the real-time expanded format, 
it reads and converts the data for the next slice, so that the output of the 
data converter will be a continuous stream of design data at the same rate 
as the object data outputted by the inspection system. 

The data converter shown in block 10 in Fig. 7 includes means 

30 for performing the following three main operations: 
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The first operation is performed by an inspection time pre- 
processor (ITPP) 20. which selects the data stored in compact form in the 
HIF file 8 relating to a predefined division, in this case a slice as illustrated 
in Figs. 4 and 5. ITPP 20 then divides groups that are included in the 
5 division into a plurality of bins, and determines the number of times each 
bin is present in the respective division. In this case, each unique pattern (A 
and B in Fig. 4) is divided into distinct bins (a,, aj, a„ b^, b. and bj). 
ITTP 20 outputs a list of the bins, the number of times they arc present in 
the respective division (specifically slice), and their location in the respective 

10 division (specifically slice). As will be explained in greater detail below, 
this data is stored in a real time compacted format (RTF). 

The second operation of data converter 10 is performed by an 
injector 30. Injector 30 retrieves the data from the ITPP 20, and performs 
a partial expansion of such data by inserting all the repetitions of the bins. 

15 Thus, injector 30 converts the list of bins and their locations in the 
respective slice, as received from the ITPP, to a serial list of the bins in the 
respective slice. This information is outputted in real-time format (RTF) 
to a spanner 40. 

Spanner 40 compiles the partial expansion of the data by 
20 expanding and transforming each of the bins into pixels (in real-time 
format) used in the inspection process. 

The construction and operation of the ITPP 20, injector 30, and 
spanner 40, are described more particularly below with reference to 
Figs. 8-14. 



25 



30 



ITPP (Inspection Time Pre-Processor) 20 

The operations performed by ITPP 20 are illustrated in Ficr. 8 and 
Fig. 9. It includes a main program 21 which defines the parameters of the 
respective slice (e.g., s,. Figs. 4, 5), by setting forth the beginning and 
ending coordinates, and then effects a select operation (box 22) of the so- 
defined data from the HIF file 8. Each of the features within the pattern 
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data so selected (e.g., trapezoids, cells, arrays) is defined and stored in a 
database store 23. The latter also stores the number of instances of each 
such stored feature and location. 

ITPP 20 divides each pattern in the respective slice into bins 
5 utilizing to this end concurrent module Binnerj to Binnern^, Thus, as shown 
in Fig. 5A, the portion of pattern A within the slice Sj is divided vertically 
into the three bins aj-aj. Pattern B within slice Sj will be divided into 
bins bi-b^. Thus, slice Sj would be described as including five bin instances 
a,, five bin instances a,, five bin instances aj, and one bin each of bj, bn and 
10 b3. 

The output of ITPP 20, therefore, is a list of all the bins in the 
respective slice, the number of times each bin appears in the respective slice, 
and the relative location of each bin in the respective slice. This informa- 
tion is fed in real-time format (RTF) to the injector 30. 

15 

Injector 30 

Injector 30 accesses a memory (not shown) which stores all the 
bins outputted by ITPP 20 of the A and B patterns, respectively, within the 
respective slice, a list of the number of times that each bin appears, and the 

20 locations of each bin instance. The memory outputs this information to a 
CPU (not shown), which organizes the data and outputs a list including all 
the bins and their locations according to the scanning order. Thus, 
injector 30 partially expands the data and produces an inject list of bins, 
which will be as follows in the example illustrated in Fig. 5C, a^ (plus its 

25 offset from the start of the respective slice), 32 (plus its offset), 33 (plus its 

offset), a^ (plus its offset), a^ (plus its offset), (etc.) bj (plus its offset), 

b3 (plus its offset), and bj (plus its offset). 

The Spanner (Figs. 9-14) 
30 Spanner 40 receives the data for the respective slice Sj as selected 

by ITPP 20, and as partially expanded by injector 30, and completes the 
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expansion of this data before it is fed to the comparator 4 (Fig. 1), for 
comparison with the object data generated during the inspection process. 
The overall construction of spanner 40 is illustrated in Fig. 10. Its basic 
components are one or more pre-line machines SO illustrated in Fig. 11, one 
or more line machines 60 illustrated in Fig. 12. one or more fill machines 70 
illustrated in Fig. 13, and a fill logic machine 80 illustrated in Fig. 14. The 
latter outputs the originally compacted data into a fully-expanded real-time 
format for use in the inspection process. 

The pre-line machine 50, as shown in Fig. 11, receives from the 
injector 30 into a FIFO register 51 the inject list according to scan order 
(e.g. in a Y coordinate descending or ascending order as the case may be as 
depicted in Fig. 5c). The data received into FIFO register 51 is distributed 
to a plurality of parallel processors 52a-52n. These processors, acting in 
parallel, expand each cell or array into the respective BGFs, and format each 
15 BGF with coordinates relative to the window boundaries. More specifically 
bin header data is broadcasted from FIFO 51 to each respective proces- 
sor 52; the latter determines at first whether the bin under consideration at 
least partially overlaps the current window. By way of example, this may 
be implemented by ascertaining whether the bin base (i.e. the Y coordinate 
20 thereof) resides between the top and base Y coordinate boundaries of the 
window under consideration. In the case of affirmative conclusion (hereinaf- 
ter inside window boundaries), the BGFs of the bin will be processed and 
allocated concurrently (by processors 52a-52n) to the current and possibly 
to the next window, 

If, however, the bin processed by each respective processor 52 is 
not accommodated in the current window (hereinafter outside window 
boundaries), it readily arises that all bin data (originated from previous bins) 
relating to the current window have been fully processed and accordingly the 
data stream relating to the current window (window data stream) may 
proceed to the next processing stage, i.e. line processing as illustrated in 
Fig. 12. 



25 
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It should be noted that providing a plurality of processors 52a- 
52n operating in parallel greatly speeds up this processing of the data, and 
also makes the processing operations scaleable so that processors can be 
added or removed, according to the amount of data to be processed. 
5 Reverting now in Fig. 11 to the "inside window boundary" state, 

then each succession of n BGFs from among the BGFs accommodated in the 
bin are processed concurrently by processors 52a-52n, respectively. Such 
processing in each processor includes: 

(i) reorigining the BGF from bin relative to window relative Y 
10 coordinate; 

(ii) exploding the BGF arrays to distinct BGFs; 

(iii) rounding the Y coordinates to the appropriate output (pixel) row 
and height. (X coordinates are retained in subpixel accuracy at 
this point); and 

15 (iv) each trapezoid is marked as belonging to either the current 

window or the next window. 

Since as explained above, the bin height is limited to being less 
than a window height, and further bearing in mind than the bin base does 
not normally coincide with the corresponding window's base, then all BGFs 

20 must belong to either the current window or the next window. 

The output of each processed BGF (in window boundary) is 
delivered by its respective processor (52a-52n) to respective buffers (53a- 
53n) and the data stored in the specified buffers are then forwarded by 
means of collator 54 to FIFO buffer 55, and therefrom to line machine 60. 

25 By the particular embodiment depicted in Fig. 11, since the 

preline module processes each BGF, multiple processors can handle BGFs 
in parallel. Optimal performance is achieved by having a single queue of 
BGFs. Each processor has an input buffer of a single BGF. When each 
processor removes its BGF from the input queue and starts to process it, a 

30 BGF distribution mechanism reads the common input FIFO of data from the 
Injector 30 and moves the next input figure to an available input buffer of 
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a BGF processor. In this way even if one processor is busy processing a 
large array, (i.e. the distinct BGFs that constitute an array of BGFs) other 
processors can continue processing the input queue. The copying of data 
from the main input FIFO to the processor input buffer is also performed 
concurrently to figure processing. 

The collator (54 in Fig. 11) mechanism polls the output registers 
and merges the output from each processor into a single stream directed to 
the LINE input FIFO 55. Each processor outputs its output to the register 
and can continue processing the next BGF, in the meantime. 

As specified before, in order to determine whether the bin is 
included in the current window (i.e. whether its Y base coordinate resides 
between the top-bottom boundaries of the current window), the bin header 
is broadcasted from FIFO 51 and sent to all processors. It is only the 
mdividual BGFs of the bin that arc distributed between the processors. In 
this way all processors decide together on the need to generate a new 
window, e.g. when the bin base address is above the Y coordinate that 
corresponds to the top side of the current window. In the latter case, each 
processor generates a window end signal and then polls an input bit 
controlled by the collator. The collator has a special synchronization 
mechanism which waits until all processors have output a window end 
signal, it then releases all the processors for further processing by setting the 
bit polled by the processes, which will result in processing and allocating the 
BGFs of the bin to the next window according to scan order. 

Each processor 52-52n stores the BGFs in registers 53a-53n at 
the output speed of the processor. This data is collated in a collator 54 as 
it becomes available and is fed to an output FIFO register 55. 

The output of each pre-line 50, therefore, is the data content of 
the BGFs, plus the window boundaries. 

As shown in the specific embodiment of Fig. 12, each line 
machine 60 includes an input FIFO register 61 which receives the BGF data 
plus the window boundary from the pre-line machine SO. This data is 
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outputted via a wide bus 62 to a line circuit 63 which breaks the data within 
the BGFs into lines for the respective window, and defines the boundaries 
of each line. Any data within a BGF belonging to the next window is fed 
back to a carry-over FIFO register 64. The line machine 63 outputs a list 
5 of pairs of coordinates that define the lines of pixels for that window. This 
data is stored in an output FIFO register 65. 

Thus, the line machine 60 receives from the preline module 50 
a stream of windows markers and trapezoids. The trapezoids are defined as: 
(a) left and right X coordinates in fractional pixel accuracy; 
10 (b) the starting row of the trapezoid in pixel accuracy; 

(c) the height of the trapezoid in pixel accuracy; 

(d) the amount to add to each of the left and right X coordinates for 
each additional row; and 

(e) an indication if the trapezoid belongs to the current window or 

15 not. 

The stream is also marked at the start and end of the slice data. 
The line machine module 60 reads each trapezoid in turn (from 
FIFO 61) and if it belongs to the next window it is put into carry over 
FIFO 64. if not, it is converted into a series of scan lines consisting, each, 

20 of row, the start X pixel and the line length. These scan lines are then input 
by the fill module which draws the lines into the frame buffer (see Fig. 13). 

More specifically, the line machine module 60 processes each 
trapezoid by storing the X coordinates of the base of the trapezoids, 
rounding the X coordinate to the output pixel grid, and calculating the line 

25 length (right coordinate minus the left coordinate). The row is then 
increased by one and the height decreased by one. This process is iterated 
until either all rows of the trapezoid are converted to the output form, or 
until the edge of the window is reached. If the edge of the window is 
reached then the current X left and right coordinates, row and height along 

30 with the X row increments are stored as new BGFs in the carry over 
buffer 64. Note that this is the same carry over buffer that was used to store 
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trapezoids that were totally contained in the next window on input in the 
line. 

When a new window is started, the line mechanism first reads all 
trapezoids from the carry over buffer (which were stored therein when 
5 processing previous window(s)) and treats them in the same way that it 
treats trapezoids from the input FIFO buffer 61 as explained above. Note 
that this includes the possibility of generating new figures into the carry 
over buffer (for very tall figures). This mechanism prevents the need for 
clipping in the Y direction in most cases, and further reduces the amount of 
10 processing in the system, thus contributing to the feasibility of the svstem. 

The apparatus can include a plurality of line machines 60 
operating in parallel, with each one processing one window or part of a 
window. This shortens the processing time and also contributes to the 
scaleability of the converter of the invention. 
1^ The output of the line machine 60 is fed to a fill machine 70, as 

illustrated in Fig. 13. Fill machine 70 receives a list of lines of the BGFs 
from the line machine and includes a draw machine 71 and a framed 
buffer 72 in which the list of lines is drawn. Preferably, there should be at 
least two fill machines 70. one for the currently inspected window, and the 
20 other for the next window, since drawing the lines in the frame buffer must 
be completed before starting inspection of that window area. The fill 
machine 70 also preferably contains several (e.g., six) draw machines 71 that 
read the input from the line machine in parallel and access the same frame 
buffer 72. This is achieved by organizing the frame buffer 72 in banks that 
correspond to the drawing machine. 

The fill machine 70 can also be replicated in order to gain more 
time for drawing the lines in the frame buffer, and also to be able to handle 
different data types. 

The output of the fill machine 70 is fed to a fill logic circuit 80 
shown in Fig. 14. This circuit combines the data types to the desired format 
required by the inspection machine. In the example illustrated in Fig. 14, 
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the fill logic circuit 80 receives the outputs of all the fill machines, and 
performs the appropriate logical operations, as indicated in Fig. 14. This 
machine can be programmed to perform any needed operation. 

According to preferred embodiments of the invention, time 
5 consuming clipping operations arc almost completely obviated. Thus, the 
carry over FIFO mechanism which deals with BGFs that exceed window top 
boundary, inherently saves clipping operation in the Y coordinate. Thus, as 
shown in Fig. 6A and 6B, due to the carry over FIFO, the t^ trapezoid 
(belonging to bj is wholly contained in w^ and therefore is wholly 

10 forwarded to the FIFO for future process in w^; u trapezoid (belonging to 
bj) is wholly contained in w, and is therefore processed in its entirety in w^; 
t3 is partially processed in Wj (t3J and partially forwarded to the carry over 
FIFO (t3b) for processing in w->; t4 is likewise processed in w, (t4J, the 
remaining portion is forwarded to the carry over FIFO and processed in w^ 

15 (t4h), the remaining portions will, likewise, be processed by Wj and w^ (14^ 
and t4d, respectively). 

The X coordinate clipping is partially performed in the line 
machine 60 module. Thus, if the line left (or right) coordinates is less than 
(greater than) the slice left (right) edge then the coordinate is converted to 

20 the edge itself. By allowing figures to extend to a larger area than the slice 
are (for example twice as wide), most X coordinate BGF clipping (which is 
a time-consuming software task) can be reduced to line clipping in the 
manner specified which can be realized by fast and relatively simple 
hardware circuitry as explained above. What remains to be done is to 

25 perform time-consuming. X coordinate clipping only to those trapezoid 
which exceed the extended slice. Since, however, only few trapezoid meet 
the latter criterion, the overhead imposed by applying clipping operations to 
these trapezoid is minimized. The X coordinate clipping is illustrated in 
Figs. 6C, 5D and 6E- Thus, trapezoid tj that is wholly contained in the 

30 ordinary slice width is not subjected to any clipping. U which extends over 
the ordinary slice width, but is contained in the extended slice width (being 
in this case bin width) undergoes clipping (preferably hardware-based) in 
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which the right and left edges thereof are aligned to the edges of the 
extended slice (Fig. 6c). ti, which extends over he extended slice undergoes 
conventional (and time consuming) clipping as depicted in Fig. 6D and 
further undergoes clipping (preferably hardware-based) as depicted in 
5 Fig. 6E. 

Those versed in the art will readily appreciate that the realization 
of a system and method of the invention is not bound by the specific 
example that was described with reference to the accompanying drawings. 
Thus, by way of a non-limiting example, the constraint that bin height is 

10 lower than window height with the consequence that trapezoid included in 
the bin belong.s either to the current or subsequent window is of course not 
obligatory. By way of another non-limiting example, the utilization of 
collator and its associated window synchronizing mechanism as described 
above is likewise not obligatory. Other variants are applicable all as 

15 required and appropriate depending upon the particular application. 

Summary of Operation of Overall System 

The optical inspection of the object (e.g., mask 2, Fig. 1) is done 
by comparing the output of the optical inspection system 3 with the design 

20 data for the object as appearing in database 5. Before the inspection 
process, this design data is converted by pre-processor 7 to a continuous file 
m HIF compact format 8, wherein the design data (after having been 
subjected to graphic transformation such as mirroring, scale, sizing, etc.) is 
constituted of a plurality of predefined basic geometric figures (BGFs) such 

25 as trapezoids, and all the repetitions of such BGFs. 

During the inspection process, this design data in compacted form 
is fed from the HIF file 8 to the data converter 10, which converts the data 
into a series of pixels in real-time expanded format corresponding to that 
in which the object data is outputted by the optical inspection system 3 to 

30 the comparator 4. The ITPP 20 of data converter 10 defines the parameters 
of the slice to be processed, e.g. the starting and ending coordinates, and 
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selects the appropriate data of the slice from the HIF file 8. ITPP 20 also 
divides the pattern data in each slice into bins (Fig. 5A, 5B), and prepares 
a list of the different bins, the number of such bins, and their respective 
locations in the slice. 
5 This data is outputted by ITPP in real-lime format (RFT) to the 

injector 30 which performs a partial expansion of this data by outputting an 
inject list of all the bins in the respective slice and their locations in the slice 
sorted according to scan order. This data is outputted to the spanner 40 
which performs the final expansion of the bins to reproduce the data therein 

10 into the real-time expanded format for use in comparing same with the 
object data derived from the optical inspection machine 3. 

It will be seen that the described system performs, preferably, 
many processing operations in parallel, e.g., parallel processors 52a, 52n in 
the pre-line system 50, enabling the system to accommodate the data 

15 required for any particular application by adding or reducing processors. In 
addition, during the inspection time, the system can analyze the volume and 
density of the data for the next slice and determine the width of the next 
slice so as to provide an inspection speed of maximum rate. By a preferred 
embodiment, a carry over FIFO mechanism, and utilizing extended slice 

20 approach in machine line 60 module, reduced almost entirely the necessity 
to apply costly BGF clipping operations. 

Fig. 15 illustrates an example of a particular application in which 
the spanner includes two parallel processors 52 in the pre-line machine 50. 

Fig. 16 illustrates the operation of a system including four ITPPs, 

25 ITTPi-ITTP4. After ITPPj has prepared the data of slice Si, it injects the 
data of slice at the time ITPP2 prepares the data of slice S2; ITPPo injects 
the data of slice Sy at the time ITPP3 prepares the data of slice S3; and ITPP3 
injects the data of slice S3, at the time ITPP4 prepares the data of slice S4. 
By following this approach, more "preparation" time is allocated for the 

30 ITTP module. 
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The invention is particularly useful in the database-to-object 
inspection systems described in US Patent Applications Serial 
No. 07/801,761 and 07/880,100, assigned to the same assignee as the present 
invention, which patent applications are hereby incorporated by reference. 

While the invention has been described with respect to a preferred 
embodiment thereof, it will be appreciated that this is set forth merely for 
purposes of example, and that many other variations, modifications and 
applications of the invention may be made. 

In the claims that follow characters used to designate claim steps 
are provided for convenience of description only and do not necessarily 
imply particular order of performing the steps. Likewise, the order in which 
functions of respective converter modules are recited in the claims below, 
should not be construed as binding. 
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CLAIMS: 

!• Data converter apparatus for converting in essentially real time 

data stored in an input compact format into an output expanded real time 
5 format, the data including a plurality of groups and instances thereof, each 
group including a plurality of basic geometric figures (BGF); the data 
converter comprising: 

first processor adapted to receiving the data stored in the compact 
format, selecting data relating to a pre-defined division, which division 

10 includes a plurality of groups, dividing each group into at least one bin, 
determining the number of instances of each different bin in a respective 
division, converting the format of the data of the plurality of BGFs in each 
different bin into an output related format, outputting a list of different bins 
and the location of the bins in the respective division; 

15 a partial expander adapted to receiving, expanding and sorting said list 

of bins in each respective division, according to scan order; and 

a final expander adapted to sub-dividing, according to scan order, each 
division into a plurality of sub-divisions, processing and allocating each 
BGF in a respective bin into a sub-division according to the location of the 

20 respective BGF in the bin and the location thereof in the sub division, 
generating a sub-division data stream representative of the plurality of BGFs 
in a respective sub division, and combining said sub-division data streams 
into one data stream in said output expanded real time format, which data 
stream is representative of the plurality of BGFs in the respective division. 

25 2. The apparatus according to claim 1, wherein said partial expander 

and said final expander expand the data of the respective division during the 
time said pre-processor processes the data relating to the next predetermined 
division. 

3. The apparatus according to Claim 1, wherein the final expander 

30 processes and allocates concurrently BGFs in the respective bin into said sub 
divisions. 
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4. The apparatus according to Claim 1 , wherein said divisions of the 

stored data in the compact format represent slices of a frame of an object, 
and wherein said sub-divisions represent equally-divided windows of the 
respective slice. 

5 5. The apparatus according to Claim 1, wherein the groups of each 

frame represent respective patterns. 

6. The apparatus according to Claim 1, wherein said final expander 
includes a Pre-line system comprising: 

a plurality of parallel processors for expanding the data of each bin 
10 into respective data relating to window; 

and a plurality of registers, one for each of said processors, recording 
the data of the respective data relating to window. 

7. The apparatus according to Claim 6, wherein said Pre-line system 
further comprises: 

1^ a collator receiving the data outputted from said registers and merging 

it into a stream of data; and an output FIFO register outputting said stream 
of data. 

8. The apparatus according to Claim 7, wherein said collator further 
having a synchronization mechanism for synchronizing the operation of said 

20 processors to start essentially simultaneously operation thereof in each new 
window. 

9. The apparatus according to Claim 6, wherein said final expander 
further includes a line system, comprising: 

a line machine receiving from said FIFO register the data relating to 
windows, and outputting lists of coordinate pairs defining lines for the 
respective window; and 

a carry-over FIFO register receiving from said input FIFO register the 
data relating to the next window, and further receiving remainder data 
relating to the next window, to thereby minimize Y coordinate clipping. 
1^- The apparatus according to Claim 9, wherein said final expander 

further includes a Fill system which receives the list of coordinate pairs 
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from the Line machine, and a Fill logic system which outputs a pixel map 
of said data in the expanded real-time format. 

11- The apparatus according to Claim 1, wherein said basic geometric 

figure is a trapezoid. 
5 12. The apparatus according to Claim 1, wherein the height of each 

bin < the height of window; the BGFs in each bin are processed and 
allocated to one out of possible two windows in said element (i). 

13. The apparatus according to Claim 1, wherein X coordinate 
clipping is applied to each one of the processed BGFs in a sub division 

10 which is outside the boundaries of said division in the X direction, by 
conforming the boundaries of said sub-division to said division boundary. 

14. Data converter apparatus for converting in essentially real time 
data stored in an input compact format into an output expanded real time 

15 format, the data including a plurality of groups and repetitions thereof, each 
group including a plurality of basic geometric figures (BGF); the data 
converter comprising: 

a processor adapted to selecting data relating to a predetermined 
division, dividing and processing said data into consecutive bins according 
20 to scan order, which bins have structural correspondence to the input format; 

sub dividing the respective division into sub-divisions having structural 
correspondence to the output format; 

processing and allocating the BGFs in the bins to subdivisions to 
thereby producing a division data stream in said output expended real time 
25 format. 

15. A database-to-object inspection system, including: 

an optical inspection system optically inspecting a surface of an object 
and outputting a series of pixels corresponding to the surface thereof; 

a database containing design data of the object, which design data is 
30 stored in an input compact format; 
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data converter apparatus according to Claim 1, adapted to convert in 
essentially real time the data stored in the input compact format into an 
output expanded real time format; 

a comparator comparing in real time the series of pixels outputted by 
5 the optical inspection system with a scries of pixels in said real time 
expanded format outputted by said converter apparatus. 
16. A method for converting in essentially real time data stored in an 

input compact format into an output expanded real time format, the data 
including a plurality of groups and instances thereof, each group including 
10 a plurality of basic geometric figures (BGF); the method comprising the 
following steps: 

(a) receiving the data stored in the compact format, 

(b) selecting data relating to a pre-defined division, which division 
includes a plurality of groups, 

(c) dividing each group into at least one bin, 

(d) determining the number of instances of each different bin in a 
respective division, 

(e) converting the format of the data of the plurality of BGFs in each 
different bin into an output related format, 

(f) outputting a list of different bins and the location of the bins in 
the respective division; 

(g) partially expanding said list of bins in each respective division, 
according to scan order; 

(h) sub-dividing, according to scan order, each division into a 
plurality of sub-divisions, 

(i) processing and allocating each BGF in a respective bin into a 
sub-division according to the location of the respective BGF in 
the bin and the location thereof in the sub division, 

(j) generating a sub-division data stream representative of the 
plurality of BGFs in a respective sub division; and 
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(k) combining said sub-division data streams into one data stream in 
said output expanded real time format, which data stream is 
representative of the plurality of BGFs in the respective division. 

5 17. The method according to Claim 16, wherein said operations (g)- 

(k) arc performed on the data of the respective division during the 
operations (a)-(f) are performed on the data relating to the next predeter- 
mined division. 

18. The method according to Claim 16, wherein BGFs in the 
10 respective bin are processed and allocated concurrently into said sub 

divisions in said step (i). 

19. The method according to Claim 16, wherein said divisions of the 
stored data in the compact format represent slices of a frame of an object, 
and wherein said sub-divisions represent equally-divided windows of the 

15 respective slice. 

20. The method according to Claim 16, wherein the groups of each 
frame represent respective patterns. 

21. The method according to Claim 16, wherein said operation 
includes the following steps performed in a Pre-Iine system: 

20 expanding, in a plurality of parallel processors, the data of each bin 

into respective data relating to window; 

and recording, a plurality of registers, one for each of said processors, 
the data of the respective data relating to window. 

22. The method according to Claim 21, wherein said operation (k) 
25 further includes the following steps performed in a Pre-line system: 

collating the data outputted from said registers and merging it into a 
stream of data; and outputting said stream of data. 

23. The method according to Claim 22, wherein said operation (k) 
further includes the following steps performed in a Pre-line system: 

30 synchronizing the operation of said processors to start essentially 

simultaneously operation thereof in each new window. 
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24. The method according to Claim 21, wherein said operation (k) 
further includes the following steps performed in a Line system: 

converting the data from said input FIFO register relating to window 
to lists of coordinate pairs defining lines for the respective window; and 
5 storing in a carry-over FIFO register the data from said input FIFO 

register relating to the next window, and further receiving remainder data 
relating to the next window, to thereby minimize Y coordinate clipping. 

25. The method according to Claim 21, wherein said operation (k) 
further includes the following steps performed in a Fill system: 

10 receiving, in a Fill system, the list of coordinate pairs from the Line 

machine, and outputting in a Fill logic system a pixel map of said data in 
the expanded real-time format. 

26. The method according to Claim 16, wherein said basic geometric 
figure is a trapezoid. 

15 27. The method according to Claim 16, wherein the height of each 

bin < the height of window; the BGFs in each BGF are allocated to one out 
of possible two windows, in said step (i). 

28. The method according to Claim 16, further comprising the step 

of: 

20 applying X coordinate clipping is to each one of the processed BGFs 

in a sub division which is outside the boundaries of said division in the X 
direction, by conforming the boundaries of said sub-division to said division 
boundary. 

29. A method for converting in essentially real time data stored in an 
input compact format into an output expanded real time format, the data 
including a plurality of groups and repetitions thereof, each group including 
a plurality of basic geometric figures (BGF); the method comprising the 
following steps: 

(a) selecting data relating to a predetermined division, 
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(b) dividing and processing said data into consecutive bins according 
to scan order, which bins have structural correspondence to the 
input format; 

(c) sub dividing the respective division into sub-divisions having 
5 structural correspondence to the output format; 

(d) processing and allocating the BGFs in the bins to subdivisions to 
thereby producing a division data stream in said output expended 
real time format. 

30. A method for optically inspecting a surface of an object, 

10 comprising: 

storing in a database design data of the object in a compact format; 

converting the database design data stored in said compact format into 
a stream of pixels in an expanded real time format, according to the method 
of Claim 16. 

15 optically inspecting said surface and producing a stream of pixels 

corresponding to the inspected surface; and 

comparing in real time the stream of pixels corresponding to the 
inspected surface with the stream of pixels in said real time expanded 
format. 
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